A prolific allele named FecL L is known to segregate in the meat breed of the French Lacaune sheep on the basis of ovulation rate record. To gain more knowledge about the physiological effects of FecL L , ewes homozygous for FecL L (L/L) were compared to wild-type ewes (+/+) for ovarian phenotype and reproductive endocrine profiles. At the ovarian level, the increased ovulation rate in L/L ewes was associated with an increased number of antral follicles of greater than 3 mm and with preovulatory follicles being, on average, 1 mm smaller. Intrafollicular estradiol and testosterone concentrations were not significantly different between the two genotypes. In contrast, L/L large follicles (!6 mm) had lower intrafollicular progesterone concentration. At the molecular level, expressions of ovarian markers, such as CYP19A1, CYP11A1, CYP17A1, LHR, and INHA, were not significantly different between the two genotypes. In contrast, FSHR and STAR mRNA levels increased in granulosa cells from L/ L ewes. Plasma concentrations of estradiol, luteinizing hormone (LH), follicle-stimulating hormone (FSH), and progesterone measured across a synchronized estrous cycle revealed a significant increase in estradiol levels during the follicular phase, a precocious LH surge, and an increase in progesterone level during the luteal phase of L/L ewes compared to +/+ ewes. Circulating concentrations of FSH were not different between the two genotypes. The precocious LH surge was associated with an increase in frequency of LH pulsatility during the follicular phase. At the pituitary level, mRNA levels for LHB, FSHB, GNRHR, and ESR1 were not significantly different between the two genotypes. In contrast, ESR2 mRNA expression was decreased in L/L ewes compared to +/+ ewes. Based on ovarian phenotype and endocrine profiles, these findings suggest that the mutation in the FecL gene affects ovarian function in a different way compared to other known prolific mutations affecting the bone morphogenetic protein signaling system in the ovine species.
INTRODUCTION
The Lacaune breed, with 1.2 million ewes, is the major French sheep breed. Several strains exist, each being bred for a specific purpose, either milk for the dairy strain or a suckling lamb for the meat strain. Large variation in litter size has been observed in the meat strain, and genetic studies have explained this variation by the segregation of at least two major genes influencing ovulation rate (OR)-namely, FecL and FecX [1, 2] .
FecX is known as the bone morphogenetic protein 15 (BMP15) gene and belongs to the transforming growth factor b (TGFB) family. In the Lacaune breed, the mutated allele (FecX L ) associated with increased prolificacy was identified as a C53Y substitution in the mature peptide responsible for a dramatic alteration of the intracellular processing of the BMP15 protein [2] . Wild-type Lacaune ewes have a mean OR of 1.47. The presence of a single copy of the FecX L mutation is associated with a twofold increase in OR [2, 3] . Homozygous FecX L
/FecX
L ewes are sterile, exhibiting streak ovaries with follicles blocked at the primary stage of folliculogenesis [2] . These phenotypes resemble those observed for the other five mutations described in the BMP15 gene [4] [5] [6] .
The location of the FecL gene and the mutated allele (FecL L ) associated with increased OR have not yet been identified. The influence of FecL L on OR is additive, with extra ovulations increasing by approximately 1.5 for one copy and by 3.0 for two copies [1, 3] . The fine mapping of the locus has localized FecL between markers BM17132 and FAM117A on ovine chromosome 11 (OAR11). This corresponds to a syntenic block of 1.1 megabases on human chromosome 17, encompassing 20 genes [3] . Until now, all the Fec genes affecting prolificacy and identified in sheep belong to the bone morphogenetic protein (BMP) system [7] . Based on the human orthologous region, none of the 20 genes in the FecL region corresponds to known molecules of the BMP system or, more largely, to the TGFB system. The identification of the FecL gene and its associated mutation could lead to the discovery of a new pathway involved in folliculogenesis and regulation of OR.
The objective of the present paper was to provide new insights regarding both ovarian function and reproductive endocrine profiles of FecL L /FecL L homozygous ewes compared to wild types. This novel animal model could lead to a better understanding of the physiological regulation of OR. This information could also guide the genetic mapping approach in the choice of physiological candidates among positional candidate genes within the FecL locus.
MATERIALS AND METHODS

Animals
The presence of the Lacaune autosomal fecundity locus and its prolific allele FecL L was examined in our experimental Lacaune meat strain flock as described previously [3] . Briefly, because a unique haplotype is associated with the FecL L mutation, the presence of this particular mutant haplotype was established by the genotyping of four close markers, including the DLX3:c.*803A.G SNP that alone provides accurate classification of animals (99.5%) as carriers or noncarriers of the mutation. The two genotypes at the
, respectively. Among homozygous ewes, a subset of 26 þ/þ and 29 L/L ewes was chosen at random for the present study. The absence of the FecX L mutation was checked in the studied Lacaune ewes by direct genotyping of the mutation [2] . The estrous cycles of all adult Lacaune ewes were synchronized using intravaginal sponges impregnated with fluorogestone acetate (FGA; 40 mg; Intervet) for 14 days. All procedures were approved by the Agricultural and Scientific Research agencies and conducted in accordance with the Guidelines for Care and Use of Agricultural Animals in Agricultural Research and Teaching.
Tissue Collection
A first group of estrus-synchronized ewes (þ/þ, n ¼ 13; L/L, n ¼ 14) was slaughtered during the follicular phase 36 h after FGA sponge removal. Ovaries, pituitary gland, and hypothalamus were collected from each animal. Pituitary gland and hypothalamus were immediately frozen in liquid nitrogen and stored at À808C for further RNA extraction. Ovaries were finely dissected to isolate individual antral follicles of greater than 1 mm in diameter. Once dissected, follicles were classified and numbered according to their size-small (1À3 mm), medium (3.5À5.5 mm), and large (!6 mm)-and with respect to genotype, independent of atresia. Follicular fluids were recovered individually with a syringe needle and stored at À208C until hormonal assays. Granulosa cells were recovered from small and large follicles as described previously [8] , and the theca layer was gently detached from the follicular wall of large follicles with forceps and then washed in PBS to eliminate residual granulosa cells. Pools of each cell category were established per animal and stored at À808C for further RNA extraction.
Blood Sampling
A second group of estrus-synchronized ewes (þ/þ, n ¼ 8; L/L, n ¼ 10) was used to establish the endocrine profile based on plasma concentrations of estradiol (E2), luteinizing hormone (LH), follicle-stimulating hormone (FSH), and progesterone (P4). Jugular venous blood samples were collected by venipuncture. Blood sampling started at the time of FGA sponge removal and was carried out every 6 h for a 36-h period. During a second 36-h period, blood samples were collected every 4 h to detect the onset of the LH surge. Thereafter, blood sampling was conducted twice daily for 11 days during the luteal phase.
A third group of estrus-synchronized ewes (þ/þ, n ¼ 5; L/L, n ¼ 5) was used for the LH pulsatility study. Blood samples were collected via jugular venous cannula every 10 min starting 12 h after FGA sponge removal for a period of 24 h. All blood samples were collected into heparinized tubes and then centrifuged for 20 min at 400 3 g. Plasma was stored at À208C until hormones assays.
Hormonal Assays
E2, P4, and testosterone concentrations were estimated from collected follicular fluids. For small follicles, the recovered follicular fluids were pooled (approximately eight follicular fluids/pool) per ewe. Plasma from the second group of ewes was measured for E2, LH, FSH, and P4 concentrations, and plasma from the third group of ewes was measured only for LH concentration.
For steroid assays, 30 ll of follicular fluid or 600 ll of plasma were extracted with ethyl acetate-cyclohexane as described previously [9] , and the dried extracts containing steroids were measured by radioimmunoassay. Estradiol-17b was assayed with the estradiol-2 radioimmunoassay kit following the manufacturer's specifications (Diasorin SA). The limit of detection of the assay was 0.08 pg/tube, and the intra-assay coefficient of variation (SD/mean) was less than 7%. Progesterone and testosterone concentrations were measured as described previously [10, 11] . For P4, the limit of detection of the assay was 12 pg/tube, and the intra-assay coefficient of variation was less than 10%. For testosterone, the limit of detection of the assay was 6 pg/tube, and the intraassay coefficient of variation was less than 12%.
For gonadotropins, 20 or 50 ll of plasma were assayed by ELISA for LH or FSH concentration, respectively, as described previously [12] . The minimum detectable concentration was 0.1 ng/ml for LH and 0.2 ng/ml for FSH.
Reverse Transcription and Quantitative PCR
Total RNA from ovarian cells and from pituitary gland was isolated using Nucleospin RNA II or Nucleospin RNA L kit, respectively, according to the manufacturer's protocol (Macherey-Nagel). Total RNA from hypothalamus was isolated by urea/LiCl precipitation and phenol extraction [11] . All RNA samples were treated with DNase to avoid genomic DNA contamination and then diluted at 0.5 lg/ll in RNase-free water. RNA (1 lg) was reversetranscribed using Superscript II reverse transcriptase (Invitrogen).
Real-time quantitative PCR was run on a LightCycler 480 system (Roche Diagnostic) using Power SYBR Green PCR Master Mix (Applied Biosystems) in 384-well plates as described previously [3] . The specific primer sequences (Table 1 ) used for each gene were designed using the Beacon Designer 7 software (Premier Biosoft International). For each primer pair, efficiency curves were generated using serial dilutions of cDNA in the abscissa and the corresponding cycle threshold (Ct) in the ordinate. The slope of the log-linear phase reflects the amplification efficiency (E) derived from the formula E ¼ e (À1/slope)
. Amplification efficiency obtained for each primer pair is indicated in Table 1 . For quantification analysis, the Ct of the target gene was compared with the internal reference gene RPL19 encoding an ubiquitous ribosomal protein according to the ratio R ¼ [E L19
CtL19 /E target Ct target ] expressed as a percentage.
Data Analysis
All experimental data are presented as the mean 6 SEM. The genotype effect on hormone concentrations and on gene expression was analyzed using t-test for comparisons between two means. LH pulsatility was determined using the Pulsar algorithm [13] . The G parameters (number of standard deviation by which a peak must exceed the baseline to be accepted) were set at 3.8, 2.6, 1.9, 1.5, 1.2 for G1 through G5, respectively, these being the requirements for pulses composed of one to five samples, respectively, that exceed the baseline. The Baxter parameters describing parabolic relationship between concentration of a hormone in a sample and the SD (assay variation) about the concentration were 3.3 (c, the intercept) and 2.5 (b, the first order coefficient), estimated from the intra-assay coefficient of variation. For all analyses, differences with P . 0.05 were considered not to be significant.
RESULTS
Number of Follicles
All visible antral follicles were recovered from L/L and þ/þ ovaries. As shown in Table 2 , the number of follicles of 3 mm or less did not differ between the two genotypes. In contrast, the number of medium follicles was higher in L/L ovaries (5.3 6 0.8) than in þ/þ ovaries (2.5 6 0.7, P , 0.05). This difference also occurred for large follicles (6.5 6 0.6 in L/L vs. 2.2 6 0.3 in þ/þ, P , 0.001), reflecting the difference in the mean OR observed between the two genotypes (4.6 in L/L vs. 1.5 in þ/þ) [3] . Moreover, the largest follicles were, on average, 1 mm smaller in L/L compared to þ/þ ovaries (P , 0.01).
Intrafollicular Steroids Concentration and Ratio
Regardless of the genotype, E2 and P4 concentrations in follicular fluids increased with follicular size, whereas testosterone concentration decreased (Fig. 1) . When comparing genotype effect, only intrafollicular P4 concentration in large follicles exhibited a reduction in L/L follicles (P , 0.001). Consequently, the testosterone:P4 ratio appeared to be higher 
Small ( 3 mm) 38.0 6 5.6 33.3 6 4.6 Medium (3.5-5.5 mm) 2.5 6 0.7 5.3 6 0.8* Large (!6 mm) 2.2 6 0.3 6.5 6 0.6*** Mean diameter of large (mm) 7.4 6 0.3 6.4 6 0.1** a Values are mean 6 SEM per animal; significant differences with *P , 0.05, **P , 0.01, ***P , 0.001.
FIG. 1. Intrafollicular steroid hormone concentrations and ratio. Follicular fluids were recovered from small (S; 1-3 mm), medium (M; 3.5-5.5 mm), and large (L; !6 mm) follicles and assayed by radioimmunoassay for E2, P4, and testosterone (T). Data are the mean 6 SEM. Asterisks indicate a significant difference (*P , 0.05, ***P , 0.001) between means from noncarriers (þ/þ) and homozygous carriers of the
in L/L large follicles (P , 0.05). Conversely, the P4:E2 ratio was lower in L/L compared to þ/þ large follicles. For medium-size follicles, þ/þ ovaries showed a very high P4:E2 ratio compared to L/L ovaries (65.2 vs. 4.7, P , 0.05). Finally, these medium follicles from L/L ovaries had a higher E2:testosterone ratio than þ/þ ovaries (P , 0.05).
Follicular Gene Expression
Total RNA from granulosa cells were reverse-transcribed and submitted to real-time PCR analysis for quantification of the expression of several ovarian follicular genes: steroidogenic genes, STAR, CYP19A1, CYP11A1, and CYP17A1; gonadotropins receptors, FSHR and LHR; and the inhibin subunit, INHA. Steroidogenic genes were preferentially expressed in granulosa cells from large steroidogenic follicles compared to granulosa cells from small follicles (Fig. 2) . CYP19A1 and CYP17A1 were clear markers of granulosa and theca cells, respectively, from large follicles. Among the steroidogenic markers, only STAR expression was affected by the L/L genotype in granulosa cells from large follicles (Fig. 2) . Regarding gonadotropin receptors, FSHR expression increased in granulosa cells with follicular growth, and LHR was preferentially expressed in the granulosa and theca cells of large follicles. Like CYP19A1, the inhibin subunit INHA was a marker of mature granulosa cells in large follicles. Among these last three markers, only FSHR expression was affected by the L/L genotype. Indeed, FSHR was expressed more in L/L granulosa cells than in þ/þ granulosa cells from both small and large follicles (P , 0.05).
Plasma Concentrations of E2, LH, FSH, and P4 During the Estrous Cycle
Plasma concentrations of E2, LH, FSH, and P4 were measured during a synchronized estrous cycle of 10 L/L and 8 þ/þ ewes for 14 days after FGA sponge removal. Data are summarized in Table 3 , and Figure 3 shows endocrine profiles of one representative animal for each genotype. Regarding the E2 profile, L/L ewes showed a more rapid increase in circulating E2 concentrations after FGA sponge removal 
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( Fig. 3) . At the time of FGA sponge removal, E2 concentrations were not different between the two genotypes (1.8 6 0.4 pg/ml in þ/þ vs. 2.6 6 0.4 pg/ml in L/L), but 6 h later, E2 concentration was more than threefold higher (5.3 6 1.1 pg/ ml) in the L/L than in the þ/þ genotype (1.7 6 0.3 pg/ml, P ¼ 0.01). This was confirmed when the mean E2 concentration was averaged over the first 36 h of the follicular phase (Table  3) . In L/L ewes, E2 concentration reached a maximum earlier (44 6 2 h vs. 56 6 3 h, P , 0.01) and with a higher intensity (11.9 6 0.9 ng/ml vs. 7.1 6 0.7 ng/ml, P , 0.01) than in þ/þ ewes ( Table 3 ). The mean E2 concentrations averaged over the beginning of the luteal phase were not different between the two genotypes. During the first 36 h of the follicular phase, the mean LH concentrations were not significantly different between the two genotypes. However, the LH surge appeared 20 h earlier (P , 0.01) and was twofold less intense (P , 0.05) in L/L than in þ/ þ ewes (Table 3) . When averaged over the luteal phase, the mean LH concentration was lower in L/L than in þ/þ ewes (0.10 6 0.01 ng/ml vs. 0.21 6 0.03 ng/ml, P , 0.01). Concerning FSH, no genotype effect was observed during the estrous cycle, except that the FSH surge appeared concomitantly with the LH surge, thus it was earlier in L/L than in þ/þ animals (P , 0.01).
The P4 concentrations measured during the luteal phase from Day 3 to Day 14 showed a more rapid increase in L/L compared to þ/þ ewes (Fig. 3) . The mean P4 concentration averaged over the luteal phase was higher in L/L than in þ/þ ewes (3.67 6 0.30 ng/ml vs. 2.44 6 0.26 ng/ml, P , 0.01) ( Table 3) .
LH Pulsatility During the Follicular Phase
The advanced LH surge observed in L/L ewes led us to study LH pulsatility during the follicular phase between 12 and 36 h after FGA sponge removal. LH pulsatility profiles were obtained by blood samples at 10-min intervals. Figure 4 shows representative profiles of L/L and þ/þ ewes. The characteristics of LH pulsatility as determined by the Pulsar algorithm [13] are summarized in Table 4 with respect to the genotype. According to the results presented in Table 3 , mean LH concentrations were not significantly different between the two genotypes. The mean pulse frequency was higher in L/L ewes, with 26 6 3.2 pulses per 24 h, compared to þ/þ ewes, with 15.6 6 2.0 pulses per 24 h (P , 0.01). Consequently, the mean pulse interval was significantly different between the two genotypes, and the mean pulse duration tended to be shorter in L/L than in þ/þ ewes (P ¼ 0.07). With the increase in LH pulse frequency, the mean pulse amplitude was lower in L/L than in þ/þ ewes (0.42 6 0.06 ng/ml vs. 0.68 6 0.04 ng/ml, P , 0.05).
Pituitary Gland and Hypothalamus Gene Expression
Precocious acceleration of LH pulsatility as well as precocious and reduced amplitude of the LH surge in L/L ewes could rely on an alteration in the response of the hypothalamic-pituitary axis to peripheral endocrine signals. To gain insight regarding the function of the hypothalamicpituitary axis, we studied the expression of marker genes of pituitary gland and hypothalamus function by real-time PCR in both genotypes 36 h after FGA sponge removal. As shown in Figure 5 , the expression of gonadotropin subunits (FSHB and LHB), GnRH receptor (GNRHR), and estrogen receptor alpha (ESR1) were not significantly different between the two genotypes in the pituitary. However, estrogen receptor beta (ESR2) mRNA levels in the pituitary were decreased in L/L compared to þ/þ ewes (P , 0.05). At the level of the hypothalamus, none of the tested genes (GNRH, KISS1, NPVF, ESR1, and ESR2) exhibited a differential expression between genotypes (Fig. 6 ).
DISCUSSION
The results of the present study indicate that the FecL L mutation could act on the ovaries by modulating follicular development and by modulating, indirectly or directly, endocrine profiles. Some data obtained for ovarian characteristics in L/L ewes were in accordance with other models of increased OR in sheep. Indeed, the increased number of antral follicles and the reduced size of the preovulatory follicles are also a characteristic of the Booroola or Inverdale ewes, which are carriers of the FecB B or FecX I mutation, respectively [14, 15] . This is also a characteristic of the prolific Romanov ewes (with a polygenic determinant of OR) when compared to the nonprolific Ile-de-France ewes [16] . In those models, the increased number of antral follicles and their reduced size are associated with an earlier maturation of granulosa cells characterized by a higher FSH responsiveness and with a decreased number of granulosa cells per follicle [15, [17] [18] [19] . In L/L follicles of 3.5 mm or larger in diameter, the increased aromatase activity (demonstrated by the E2:testosterone ratio) and the increased expression of FSHR in granulosa cells could also correspond to an earlier maturation and a greater FSH responsiveness. However, further in vitro cell culture experiments are needed to confirm this. As expected, E2 follicular fluid concentration increased with terminal follicular growth, and this increase was associated with the CYP19A1 expression. However, no influence of the genotype could be observed on these two variables. In contrast, the P4 follicular fluid concentration was lower in L/L large follicles than in þ/þ large follicles. This observation was not correlated with a decreased mRNA expression of the steroidogenic genes STAR and CYP11A implicated in P4 synthesis. Alterations in steroidogenesis and, particularly, the imbalance between E2 and P4 in follicular fluid might be involved in the initiation of follicular atresia [20] [21] [22] [23] [24] . Because the P4:E2 ratio was significantly lower in the fluid of medium and large L/L follicles than in the þ/þ follicular fluids, the þ/ þ follicles apparently underwent atresia at a higher rate than the L/L follicles did. This correlates with the observation of increased OR in sheep associated with a reduced rate of atresia [25, 26] .
Comparative studies of the endocrine profiles of sheep with or without mutations influencing OR were conducted. In the Inverdale ewes, which are carriers of the FecX I mutation, no difference was noted regarding the circulating ovarian hormones (E2, P4, and inhibin) or pituitary gonadotropins when compared to wild-type ewes [15] . Even though controversial studies have been published the last 20 years, homozygous carriers of the Booroola mutation (FecB B ) gene do not seem to have a difference in their endocrine profiles [19, 27] . In contrast with these observations, L/L ewes exhibited some differences in circulating hormone concentrations during the estrous cycle. At the moment of FGA sponge removal, L/L and þ/þ ewes exhibited the same circulating steroid and gonadotropin concentrations. Six hours later, the E2 concentration appeared to increase in L/L but to remain stable in þ/þ ewes. Then, E2 level has increased differentially in L/L and þ/ þ ewes all during the follicular phase. Thirty-six hours after FGA sponge removal, the difference in E2 concentration (3.4 6 0.7 in þ/þ vs. 8.7 6 1.1 in L/L, P ¼ 0.002) could be explained by the growth of an average of six estrogenic large follicles in L/L compared to two estrogenic large follicles in þ/ þ ewes. With one large follicle of each genotype showing the same intrafollicular concentration of E2, one could expect approximately threefold more E2 to be produced by L/L ovaries than by þ/þ ovaries, fitting very well with the plasma concentration observed. During the follicular phase, increasing E2 is known to accelerate frequency and to reduce amplitude of the GnRH/LH pulsatility, and when reaching a threshold, E2 exerts a positive feedback on the hypothalamus to trigger the preovulatory GnRH/LH surge [28] . Thus, the precocious increase in E2 concentration could explain the LH pulsatility profile during the follicular phase and the precocious LH surge observed in L/L ewes. The ovulation of numerous follicles was then associated with greater P4 level during the luteal phase in L/L ewes.
The differences in endocrine profiles of E2 and P4 observed between L/L and þ/þ ewes resemble the differences observed between prolific Romanov and nonprolific Ile-de-France ewes [29] . In contrast with L/L Lacaune ewes, the higher E2 levels in plasma of Romanov ewes is associated with a delayed preovulatory LH surge, which is explained by a lower sensitivity of the hypothalamopituitary system to the positive feedback of E2 [30] . Whether the sensitivity of the hypothalamopituitary system to the E2 feedback is affected 
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in L/L ewes remains to be determined. A preliminary approach showed that expression of the two estrogen receptors (ESR1 and ESR2) in the hypothalamus was not affected by the FecL L mutation. In L/L pituitary gland, the ESR2 gene showed a lower expression. However, the mRNA level of ESR1, which is known to mediate E2 feedback action, was not modified in the pituitary [31] . The presence of the FecL L mutation is not associated with differential expression of other regulators of the hypothalamic-pituitary axis function, such as KISS1 [32] or NPVF [33] , the mammalian ortholog of the avian GnIH.
Alternatively, the difference in endocrine profiles observed between L/L and þ/þ ewes might rely upon a different responsiveness of the hypothalamic cells to the P4 negative feedback. Garces et al. [34] examined the ovarian response of hemicastrated ewes submitted to the anastomosis of the resting ovarian vein to the portal hepatic vein. In this experimental model, most of the steroids secreted by the ovary, particularly P4, are prevented from reaching the peripheral circulation. Consequently, the authors observed an increased LH pulsatility that is thought to promote the continuous recruitment and enlargement of follicles in the context of a relatively steady level of FSH. Interestingly, this resembles the L/L phenotype at the ovarian and endocrine levels.
With the discovery of mutations in BMPR1B, BMP15, and GDF9 influencing OR in sheep, the BMP signaling pathway has been shown to be of major importance in regulating OR. This pathway is thought to regulate OR by modulating granulosa cell mitosis and intraovarian gonadotropin hormone sensitivity [35] . Among the 20 genes in the Lacaune localization interval [3] , none belongs to the BMP system or, more largely, to the TGFB system. However, other genes implicated in cell mitosis or cell differentiation or in gonadotropin responsiveness could be considered as functional candidate genes. Among genes localized within the Lacaune interval, nerve growth factor receptor (NGFR) and prohibitin (PHB) are of great interest even if their expression is not altered by the FecL L prolific allele [3] . Indeed, nerve growth factor (NGF), acting through the NGFR, could facilitate the differentiation process by which early growing follicles become gonadotropin-dependent during postnatal life by increasing the synthesis of FSHR in rat ovary [36] . PHB, which controls ion transport through the inner mitochondrial membrane, is thought to regulate the granulosa cell steroidogenic machinery. Its expression is associated with cytodiffer- 
Mean level (ng/ml) 0. 34 a Values are mean 6 SEM; significant differences with *P , 0.05, **P , 0.01, P ¼ 0.07. entiation and is up-regulated by gonadotropin [37] . The relationships between the metabolic system and the ovarian function have received new emphasis. Within the Lacaune locus, the gastric inhibitory peptide (GIP) gene is known to play a role on insulin secretion and fatty acid metabolism. Interestingly, Ottlecz et al. [38] have showed the action of GIP on gonadotropin and somatotropin release. The action of GIP is thought to be endocrine, because GIP is not expressed in the tissues of the reproductive axis [3] but, rather, has been detected at the level of the intestine. However, no differential expression of GIP was found in the intestinal tissue of L/L and þ/þ animals (data not shown).
ENDOCRINE EFFECTS OF THE
In conclusion, the present results show that the endocrine profiles of L/L ewes were different from those observed in ewes displaying a high OR because of mutations in members of the BMP family, BMP15, GDF9, and BMPR1B. This is in accordance with the genetic mapping of the FecL locus, because none of the positional candidate genes belongs the BMP/TGFB system. Thus, both genetic and physiological approaches lead to the conclusion that another pathway controlling folliculogenesis and OR could be discovered by identification of the FecL L mutation.
